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C BY-NC-Abstract Complexes of Mn(II), Co(II), Ni(II), Pd(II) and Pt(II) were synthesized with the macro-
cyclic ligand, i.e., 2,3,9,10-tetraketo-1,4,8,11-tetraazacycoletradecane. The ligand was prepared by
the [2 + 2] condensation of diethyloxalate and 1,3-diamino propane and characterized by elemental
analysis, mass, IR and 1H NMR spectral studies. All the complexes were characterized by elemental
analysis, molar conductance, magnetic susceptibility measurements, IR, electronic and electron
paramagnetic resonance spectral studies. The molar conductance measurements of Mn(II), Co(II)
and Ni(II) complexes in DMF correspond to non electrolyte nature, whereas Pd(II) and Pt(II) com-
plexes are 1:2 electrolyte. On the basis of spectral studies an octahedral geometry has been assigned
for Mn(II), Co(II) and Ni(II) complexes, whereas square planar geometry assigned for Pd(II) and
Pt(II). In vitro the ligand and its metal complexes were evaluated against plant pathogenic fungi
(Fusarium odum, Aspergillus niger and Rhizoctonia bataticola) and some compounds found to be
more active as commercially available fungicide like Chlorothalonil.
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ND license.1. Introduction
Tetraazamacrocyclic ligands and their metal complexes have
attracted growing interest as models for intricate biological
systems such as metalloporphyrins (hemoglobin, myoglobin,
cytochromes and chlorophylls), corrins (vitamin B12), and
antibiotics (valinomycin and nonactin) (Keypour et al.,
2004). The main interest in new macrocyclic bifunctional che-
lating agents due to their use in labeling monoclonal antibodies
with radioactive metals (Meares et al., 1990) and for cancer
diagnosis (Tripathi et al., 2007) as well as with paramagnetic
ions for magnetic resonance imaging (Toth et al., 2004; Woods
et al., 2003). The attachment of metal ions to proteins such as
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Figure 1 Scheme of synthesis of ligand (L).
Table 1 Analytical data and physical properties of the complexes.
Complexes Empirical formula Molar cond.
(X cm2 mol1)
Color mp
(C)
Yield
(%)
Elemental analysis, % Found (calcd.)
C H N M
[Mn(L)Cl2] [MnC10H16N4O4Cl2] 10 White 260 68 30.08 (31.41) 4.00 (4.19) 12.50 (14.65) 13.23 (13.61)
[Co(L)Cl2] [CoC10H16N4O4Cl2] 8 Pink 289 65 31.00 (31.09) 4.07 (4.14) 14.28 (14.50) 15.08 (15.26)
[Ni(L)Cl2] [NiC10H16N4O4Cl2] 15 Green 272 70 30.92 (31.11) 4.10 (4.15) 14.35 (14.51) 15.18 (15.21)
[Pd(L)]Cl2 [PdC10H16N4O4Cl2] 192 Brown 295 62 27.09 (27.71) 3.45 (3.69) 12.02 (12.93) 24.29 (24.48)
[Pt(L)]Cl2 [PtC10H16N4O4Cl2] 197 Brown 280 60 22.38 (22.98) 2.97 (3.06) 10.59 (10.72) 37.30 (37.35)
54 M. Tyagi, S. Chandramonoclonal antibodies can create new tools use in biology and
medicine (Ma et al., 2006). This type of ligands are capable of
furnishing an environment with controlled geometry and li-
gand ﬁeld strength (Chandra et al., 2011) and reagent used
for such attachments are called bifunctional chelating agents
(Parker et al., 2002). Transition metal complexes of such li-
gands have received a great attention because of their biolog-
ical activities, including antitumor, antibacterial, antiviral,
antifungal and anticarcinogenic properties (Kim et al., 2004;
Raman et al., 2005; Chaudhary et al., 2005; Hunter et al.,
2007; Singh et al., 2009a,b). Aza type macroyclic ligands have
been used as in oxidation and epoxidation processes (Mewis
and Archibald, 2010). In this article, we report the synthesis,
spectroscopic characterization, and biological screening of
Mn(II), Co(II), Ni(II), Pd(II) and Pt(II) complexes with a
14-membered macrocyclic ligand (L) derived from diethyloxa-
late and 1,3-diaminopropane.
2. Experimental
All the chemicals used were of AnalaR grade and procured
from Sigma–Aldrich. Metal salts were purchased from E.
Merck and were used as received.
2.1. Physical measurements
The C, H and N were analyzed on a Carlo-Erba 1106 elemen-
tal analyzer. Molar conductance was measured on the ELICO
(CM82T) conductivity bridge. Magnetic susceptibility was
measured at room temperature on a Gouy balance using Cu-
SO4Æ5H2O as a calibrant. Electron impact mass spectrum was
recorded on JEOL JMS DX-303 mass spectrometer. 1H
NMR spectra were recorded on a Hitachi FT-NMR, model
R-600 spectrometer using CDCl3 as solvent. Chemical shifts
are given in parts per million relative to tetramethylsilane.
IR spectra (KBr) were recorded on FTIR spectrum BX-IIspectrophotometer. The electronic spectra were recorded in
DMF on Shimadzu UV mini-1240 spectrophotometer. EPR
spectra of the complexes were recorded as polycrystalline sam-
ple and In DMSO at liquid nitrogen temperature for Co(II)
and at room temperature for Mn(II) complex on E4-EPR spec-
trometer using the DPPH as the g-marker.
2.2. Synthesis of ligand
A hot ethanolic solution (20 mL) of diethyloxalate (2.92 g,
0.02 mol) and a hot ethanolic solution (20 mL) of 1,3-diamino-
propane (1.48 g, 0.02 mol) were mixed slowly with constant
stirring. This mixture was reﬂuxed at 78 C for 7–8 h in the
presence of a few drops of concentrated HCl. On cooling the
mixture, a solid cream precipitate formed, which was ﬁltered,
washed with cold EtOH and dried under vacuum over P4O10
(scheme of synthesis Fig. 1).
Yield: 72%, mp: 240 C. Anal. calcd. (%) for
[C10H16N4O4]: C, 46.8; H, 6.2; N, 21.8. Found: C, 46.7; H,
6.3; N, 21.8.
2.3. Synthesis of complexes
A hot ethanolic solution of the ligand (0.25 g, 0.001 mol) and
hot ethanolic solution (20 mL) of the corresponding metal salts
(MnCl2Æ4H2O, CoCl2Æ6H2O, NiCl2Æ2H2O, PdCl2 and PtCl2)
(0.001 mol) were mixed with constant stirring. The mixture
was reﬂuxed for 7–9 h at 80 C. On cooling the mixture, a col-
ored complex was formed, ﬁltered, washed with cold EtOH
and dried under vacuum over P4O10.
2.4. Antifungal screening
The preliminary fungitoxicity screening of the compounds at
different concentrations were performed using Food Poison
Method (Fahmi et al., 2004; Refat et al., 2010; Tyagi et al.,
Figure 2 IR spectrum of ligand (L).
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Rhizoctonia bataticola were used for test fungi. Stock solutions
of compounds were prepared by dissolving the compounds in
DMSO. Chlorothalonil used as commercial fungicide and
DMSO served as control. Potato dextrose agar medium was
prepared by using potato, dextrose, agar–agar and distilled
water. Appropriate quantities of the compounds in DMF
was added to potato dextrose agar medium in order to get a
concentrations of 750, 500, 250 and 125 ppm of compound
in the medium. The medium was poured into a set of two pet-
riplates under aseptic conditions in a laminar ﬂow hood. When
the medium in the plates was solidiﬁed, a mycelial discs of
0.5 cm in diameter cut from the periphery of the 7 day old cul-
ture and it was aseptically inoculated upside down in the centre
of the petriplates. These treated petriplates were incubated at
26 ± 1 C until fungal growth in the control petriplates was al-
most complete.
The mycelial growth of fungi (mm) in each petriplate was
measured diametrically and growth inhibition (I) were calcu-
lated by using the formula:Table 2 IR spectral data and their assignments in cm1.
Compounds m(N–H) Amide-I
[m(C‚O)]
Amide-II
[m(C–N) + d(N–H)]
Ligand (L) 3298 1651 1518
[Mn(L)Cl2] 3289 1649 1505
[Co(L)Cl2] 3285 1650 1497
[Ni(L)Cl2] 3284 1652 1490
[Pd(L)]Cl2 3280 1657 1495
[Pt(L)]Cl2 3280 1655 1507I ð%Þ ¼ C T
C
 100
where C is the growth of the fungus (mm) in control and T is
the growth of test compounds.
3. Results and discussion
3.1. Physical properties
On the basis of elemental analysis, the complexes were as-
signed to possesses the composition as shown in Table 1.
The molar conductance measurements of complexes in DMSO
solution correspond to non-electrolyte for Mn(II), Co(II) and
Ni(II) and 1:2 electrolyte for Pd(II) and Pt(II) complexes
(Chandra et al., 2009a). Thus, these complexes may be formu-
lated as [M(L)Cl2] and [M
0(L)]Cl2, respectively [where
M=Mn(II), Co(II), Ni(II) and M0 = Pd(II), Pt(II)].
3.2. Mass spectrum
The mass spectrum of free ligand (L) shows the molecular ion
peak at m/z 255 (M+) corresponding to [(C10H16N4O4)]
+ mac-
rocyclic moiety. It also shows a series of peaks, i.e., 42, 56, 72,
128, 184 and 200 amu, etc. corresponding to various fragments.
3.3. 1H NMR spectra
1H NMR of ligand (L) in CDCl3 shows signals at d 3.7(q) ppm
attributed to amide (–CH2–NH–C–) protons (4H). In the
1H
NMR spectra of Pd(II) and Pt(II) complexes the red shift of
these signals indicates a coordination taking place through
nitrogen atom (Chandra et al., 2009b). The signals at
d 2.6(m) ppm and d 1.4(q) ppm the methylene protons.
3.4. IR spectra
The IR spectrum (Fig. 2) of the ligand does not exhibit any band
corresponding to the primary diamine and ketonic groups. Four
new bands that (Table 2) appear in the spectrum of the ligand in
the regions 1651, 1518, 1226 and 762 cm1 are assignable to
amide-I m(C‚O), amide-II [m(C–N) + d(N–H)], amide-III
[d(N–H)] and amide-IV [u(C‚O)] bands, respectively. A single
sharp band observed at 3298 cm1 may be due to m(N–H) of the
secondary amino group (Nakamoto, 1970). On complexation
the position of this band shifted to lower frequency indicating
coordination through the nitrogen atomof m(N–H).On complex
formation some new bands at 420–485 cm1 and 242–298 cm1
may be attributed to m(M–N) and m(M–Cl) vibrations, respec-
tively (Patil et al., 2009).Amide-III
[d(N–H)]
Amide-IV
[u(C‚O)]
m[M–N) m[M–Cl)
1226 762 – –
1210 766 435 298
1215 762 420 280
1210 760 457 242
1202 758 485 260
1206 763 470 275
Figure 3 EPR spectra of the complexes: (a) [Mn(L)Cl2] as
polycrystalline sample at RT and (b) [Co(L)Cl2] as polycrystalline
sample at LNT.
Table 3 Electronic spectral and magnetic moment data of the complexes.
Complexes Spectral bands (cm1) Assignments leﬀ (BM)
[Mn(L)Cl2] 18,382
6Agﬁ 4T1g(4G) 5.89
23,474 6Ag ! 4Eg; 4A41gð4G (10B + 5C)
28,011 6Agﬁ 4Eg(4D) (17B + 5C)
37,735 6Ag ! 4T41gð4PÞ (7B + 7C)
[Co(L)Cl2] 10,964
4T1g(F)ﬁ 4T2g(F) (m1) 4.82
14,814 4T1gﬁ 4A2g (m2)
19,230 4T1g(F)ﬁ 4T2g(P) (m3)
[Ni(L)Cl2] 10,526
3A2g(F)ﬁ 3T2g(F) (m1) 2.95
14,641 3A2g(F)ﬁ 3T1g(F) (m2)
25,641 3A2g(F)ﬁ 3T1g(P)
[Pd(L)]Cl2 18,248
1A1gﬁ 1A2g (m1) Diamagnetic
20,920 1A1gﬁ 1B1g (m2)
[Pt(L)]Cl2 22,172
1A1gﬁ 1A2g (m1) Diamagnetic
26,809 1A1gﬁ 1B1g (m2)
56 M. Tyagi, S. Chandra3.5. Magnetic susceptibility measurements
At room temperature (Table 3) Mn(II), Co(II) and Ni(II) com-
plexes show magnetic moment 5.89, 4.82 and 2.95 BM corre-
sponding to ﬁve, three and two unpaired electrons,
respectively (Lever, 1984) while the Pd(II) and Pt(II) com-
plexes are diamagnetic as expected for low spin, square planar
geometry (Chandra et al., 2008).
3.6. Electronic spectra
The electronic spectrum of the Mn(II) complex displays weak
absorption bands at 18,382, 23,474, 28,011 and 37,735 cm1.
These bands can be assigned to the transitions: 6A1gﬁ
4T1g(
4G), 6Ag ! 4Eg; 4A41gð4GÞ (10B + 5C), 6Agﬁ 4Eg(4D)
(17B + 5C) and 6Ag ! 4T41gð4PÞ (7B + 7C), respectively
(Chandra and Gupta, 2005). The electronic spectrum of cobal-
t(II) complex exhibits absorption at 10,964, 14,814 and
19,230 cm1 assigned to the transitions: 4T1g(F)ﬁ 4T2g(F)
(m1),
4T1gﬁ 4A2g (m2) and 4T1g(F)ﬁ 4T2g(P) (m3), respectively
(Singh et al., 2009a,b). The Ni(II) complex displays three
absorption bands at 10,526, 14,641 and 25,641 cm1. These
bands may be assigned to the transitions: 3A2g(F)ﬁ 3T2g(F)
(m1),
3A2g(F)ﬁ 3T1g(F) (m2) and 3A2g(F)ﬁ 3T1g(P) (m3), respec-
tively (Kataria et al., 2010). The electronic spectra of Pd(II) and
Pt(II) complexes show three d–d spin allowed transitions. Two
d–d transitions are observed at 18,248–22,172 and 20,920–
26,809 cm1. These bands are attributed to 1A1gﬁ 1A2g (m1),
1A1gﬁ 1B1g (m2) transitions, respectively (Chandra and Tyagi,
2008).
3.7. Electronic paramagnetic spectra
The EPR spectrum of the Mn(II) complex was recorded as
polycrystalline sample and in DMSO solution. The polycrystal-
line sample gives one broad isotropic signal centered at approx-
imately the free electron g-value (g0 = 2.0023) (Fig. 3a). The
broadening of the spectrum probably is due to spin relaxation
(Chandra and Gupta, 2004). In DMSO solution the complex
gives an EPR spectrum containing six lines arising due to
hyperﬁne interaction between the unpaired electrons with55Mn nucleus (l= 5/2). The nuclear magnetic quantum
number, M1 corresponding to the lines are 5/2, 3/2, 1/2,
+3/2, +5/2 from low to high ﬁeld. The EPR spectrum of the
cobalt(II) complex was recorded as polycrystalline sample
(Fig. 3b) and in the DMSO solution at liquid nitrogen temper-
ature (LNT). The g-values were found to be almost the same in
both cases in the polycrystalline samples (Table 4). The large
Table 5 Fungicidal screening data of compounds showing % growth inhibition at 500 ppm after 7 days at 26 ± 1 C.
S. No. Compounds Fungal inhibition (%) (500 lg mL1)
F. odum A. niger R. bataticola
(1) Diethyloxalate 32 52 30
(2) 1,3-Diaminopropane 28 47 21
(3) L 40 61 52
(4) [Mn(L)Cl2] 59 70 66
(5) [Co(L)Cl2] 62 76 69
(6) [Ni(L)Cl2] 54 68 62
(7) [Pd(L)]Cl2 85 94 81
(8) [Pt(L)]Cl2 82 91 78
Standard (Chlorothalonil) 80 89 76
Table 4 EPR spectral data of the complexes.
Complexes Temp. (K) Data as polycrystalline Data as DMSO solution
g g giso g g giso
[Mn(L)Cl2] 300 – – 2.0024 – – 2.0018
[Co(L)Cl2] 77 2.3294 2.0052 2.1132 2.3387 2.1074 2.1245
NH
O
O
O
O
NH HN
HN
M
Cl
Cl NH
O
O
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Figure 4 Suggested structure of the complexes [where M=Mn(II), Co(II), Ni(II) and M0 = Pd(II), Pt(II)].
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Figure 5 Antifungal screening data of the ligand and its
complexes at (a) 250 ppm and (b) 500 ppm.
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(g= 2.0023) is due to large angular momentum contribution
(Chandra et al., 2009c).
3.8. Structure of the complexes
On the basis of spectral studies, octahedral geometry has been
assigned for Mn(II), Co(II) and Ni(II) complexes and square
planar for Pd(II) and Pt(II) complexes, respectively (Fig. 4).
3.9. Antifungal studies
The results have shown that the complexes used for the exper-
iment exhibited noble activities than the ligand towards the
inhibition of test fungi under the test conditions (Table 5).
MIC (Minimum Inhibitory Concentration) of test compounds
against all the fungi was 500 ppm at which 100% inhibition
was observed. The increased activity of the metal chelates
can be explained on the basis of the chelation theory (EI-Wa-
hab et al., 2004; Chandra et al., 2007). The results also indicatethat concentration plays a vital role in increasing the degree of
inhibition; as the concentration increases, the activity in-
creases. In the whole series, compounds (5) and (6) show the
58 M. Tyagi, S. Chandrahighest percentage inhibition at compared to Chlorothalonil.
All the compounds show fungal growth inhibition in the fol-
lowing order: (7) > (8) > Chlorothalonil > (5) > (4) > (6)
> (3) > (1) > (2) (Fig. 5).
4. Conclusions
In this paper, we describe the spectroscopic and biological
studies of a tetradentate macrocyclic ligand and its Mn(II),
Co(II), Ni(II), Pd(II) and Pt(II) complexes. On the basis of
spectral studies an octahedral geometry has been assigned
for Mn(II), Co(II), Ni(II) complexes, whereas square planar
for Pd(II) and Pt(II) complexes The antimicrobial screening
data show that the metal chelates exhibit a higher inhibitory
effect than the free ligand.Acknowledgement
The authors are thankful to the DRDO, New Delhi for ﬁnan-
cial assistance and IARI, Pusa, New Delhi for providing
biological screening facilities.
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